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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a transparent 
conductive substrate for a LCD having low specific 
resistance, excellent durability and excellent micro 
fabrication performance for electrodes by alternately 
depositing films essentially comprising ZnO and films 
essentially comprising Ag to form layers of an odd 
number as a transparent conductive film so that 
outermost layer is a film essentially comprising ZnO. 
SOLUTION: Films are alternately deposited to form 
(2n+1) layers, wherein n 1, in such a manner that a 
film 2 essentially comprising ZnO is formed as the 
first layer from the substrate 1, a film 3 essentially 
comprising Ag is formed as the second layer and then 
a ZnO film 4 as the third layer. As for the film 
essentially comprising ZnO, a ZnO film containing Ga 
is preferable. As for the film essentially comprising 
Ag. an Ag film containing Pd or Au is preferable. The 
ZnO film is easily crystallized, and when the ZnO film 
is formed as the base film for an Ag layer, the ZnO 

film not only promotes crystallization of the Ag layer and prevents aggregation of Ag but 
improves the adhesion strength on the interface between the ZnO film and the Ag film. 
Thereby, moisture resistance and patterning characteristics with an acid soln. are 
significantly improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the transparent electric 
conduction substrate for liquid crystal 
displays by which the transparent 
electric conduction cascade screen was 
formed on the base a transparent electric 
conduction cascade screen The 
transparent electric conduction substrate 
for liquid crystal displays characterized 
by being the film which makes ZnO a 
principal component at the 1st layer, the 
film which makes Ag a principal 
component at the 2nd layer, the film 
which makes ZnO a principal component 
at the 3rd layer, and the cascade screen 
by which the laminating was carried out 
alternately with **** profit to order to 
the layer (however (2n+l), n>-l) from a 
base side. 

[Claim 2] The transparent electric 
conduction substrate for hquid crystal 
displays of the claim 1 whose film which 
makes ZnO a principal component is a 
ZnO film containing Ga. 
[Claim 3] The transparent electric 
conduction substrate for liquid crystal 
displays of the claim 2 whose content rate 
of Ga in the ZnO film containing Ga is 
one to 15 atom % to total with Zn and Ga. 
[Claim 4] The transparent electric 
conduction substrate for liquid crystal 
displays of the claims 1, 2, or 3 in which 
the film which makes Ag a principal 



component contains Pd and/or Au. 
[Claim 5] The transparent electric 
conduction substrate for liquid crystal 
displays of the claim 4 Pd in the film 
which makes Ag a principal component, 
and/or whose content rate of Au are 0.1 to 
5.0 atom %s to total with Ag. 
[Claim 6] The transparent electric 
conduction substrate for liquid crystal 
displays of the claims 1, 2, 3, 4, or 5 to 
which it is placed between at least one 
interfaces of the interface of the film 
which makes a principal component ZnO 
in a transparent electric conduction 
cascade screen, and the film which makes 
Ag a principal component by Pd layer 
with a thickness of O.l lnm and/or Au 
layer. 

[Claim 7] The transparent-electrode 
formation method of the transparent 
electric conduction substrate for hquid 
crystal displays characterized by 
**********ing and carrying out 
patterning of the transparent electric 
conduction cascade screen using the acid 
solution of 0.01 to 0.5 convention in the 
transparent-electrode formation method 
of the transparent electric conduction 
substrate for liquid crystal displays of 
claims 1, 2, 3, 4, 5, or 6. 
[Claim 8] The transparent-electrode 
formation method of the transparent 
electric conduction substrate for hquid 
crystal displays of a claim 7 using the 
acid solution which makes a ferric 
chloride a principal component as acid 
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solution. 

[Claim 9] The transparent-electrode 
formation method of the transparent 
electric conduction substrate for hquid 
crystal displays of a claim 8 using the 
acid solution which contains the first iron 
ion as acid solution which makes a ferric 
chloride a principal component. 
[Claim 10] The transparent-electrode 
formation method of the transparent 
electric conduction substrate for hquid 
crystal displays of a claim 9 using the 
acid solution whose mole ratios to the 
ferric ion of the first iron ion are 0.1-2. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention 
belongs] this invention relates to the 
transparent-electrode formation method 
of the transparent electric conduction 
substrate for liquid crystal displays (it is 
called Following LCD), and this substrate. 
[0002] 

[Description of the Prior Art] Now, the 
ITO film is widely used as an electrode 
for LCD. Especially in the STN type color 
LCD, with the highly-minute-izing and 
big screen-izing, the line breadth of the 
transparent electrode for a liquid crystal 
drive is also thinner, and the thing of a 
long configuration is needed. 
[0003] For this reason, the transparent 
electric conduction film of very low 



resistance below 3ohms of sheet 
resistance and ** is needed. In order to 
attain this sheet resistance, it is 
necessary to achieve thick film-izing 
(300nm or more) of a transparent electric 
conduction film, or low specific 
resistance-ization (below lOOmicro 
ohm -cm). 

[0004] However, since problems, like the 
level difference by the existence of that 
the membrane formation cost of 1 
transparent electric conduction film 
increases, that the difficulty of 2 
electrode patterning increases, and 3 
transparent electric conduction pole 
becomes large, and orientation control of 
hquid crystal becomes difficult arise, 
thick-fihn-ization has a limitation. 
[0005] On the other hand, although how 
to form the ITO film itself into low 
specific resistance is also examined, the 
method of being stabilized and producing 
the low resistance ITO film below 
lOOmicro ohm-cm is not established yet. 
[0006] On the other hand, as a method of 
obtaining easily the low resistance 
transparent electric conduction film 
below lOOmicro ohm-cm, composition 
called ITO/Ag/ITO whose Ag layer was 
pinched in the ITO layer is known. 
However, although this composition is 
also low specific resistance, the 
processability " also in the case of 
electrode processing by that endurance is 
so inadequate that the white fault 
considered to be film ablation by indoor 
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neglect is produced and etching using 
acid solution, side etching advances and 
ablation is looked at by the pattern edge 
section is insufficient. 
[0007] For this reason, the substrate of 
ITO/Ag/ITO composition is not put in 
practical use as a transparent electric 
conduction substrate for LCD until now, 
while low resistance has the advantage 
acquired easily. 
[0008] 

[Problem(s) to be Solved by the 
Invention] this invention is low specific 
resistance and aims at offer of the 
transparent-electrode formation method 
of the transparent electric conduction 
substrate for LCD, and this substrate 
which was excellent in endurance and 
was excellent in detailed electrode 
processability ability. 
[0009] 

[Means for Solving the Problem] In the 
transparent electric conduction substrate 
for liquid crystal displays in which, as for 
this invention, the transparent electric 
conduction cascade screen was formed on 
the base a transparent electric 
conduction cascade screen The 
transparent electric conduction substrate 
for LCD characterized by being the film 
which makes ZnO a principal component 
at the 1st layer, the film which makes Ag 
a principal component at the 2nd layer, 
the film which makes ZnO a principal 
component at the 3rd layer, and the 
cascade screen by which the laminating 



was carried out alternately with **** 
profit to order to the layer (however 
(2n+l), n>=l) fifom a base side is offered. 
[0010] The laminating of the film which 
makes ZnO a principal component, and 
the film which makes Ag a principal 
component is carried out to order by 
turns, it becomes odd layers, such as 
three layers, five layers, and seven etc. 
layers, in total, and a transparent electric 
conduction cascade screen turns into a 
film with which an outside makes ZnO a 
principal component from a base most. 
[0011] 

[Embodiments of the Invention] The cross 
section of the example of representation 
of the three-layer system transparent 
electric conduction substrate of this 
invention is shown in drawing 1 , and the 
cross section of the example of 
representation of the five-layer system 
transparent electric conduction substrate 
of this invention is shown in drawing 2 . 
The film with which 1 makes ZnO as a 
base and 2, 4, and 6 make it a principal 
component, and the film with which 3 
and 5 make Ag a principal component are 
shown. 

[0012] It is equivalent to drawing 1 and 
the base 1 of 2, and the substrate for 
colors LCD is shown in drawing 8 , As for 
the light-filter layer from which 7 
becomes a color pixel, and 8, a 
transparent resin protective layer and 9 
are non-in-a-plane mesenteriolum layers. 
On this non-in-a-plane mesenteriolum 
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layer 9, the laminating of the film which 
makes ZnO a principal component, and 
the film which makes Ag a principal 
component is carried out to order by 
turns, and a transparent electric 
conduction cascade screen is formed. 
[00131 As a base 1 in this invention, can 
also use a glass plate, and the film and 
board made of a resin, and also To the 
base and the pan in which the light-filter 
layer 7 used as a color pixel was formed 
on this base You may use the base which 
carried out the laminating of the 
non in-a-plane mesenteriolum layers 9, 
such as a silica for raising the adhesion of 
the transparent resin layer 8 and these 
resin layer for protecting and smoothing 
a light-filter layer on this light-filter layer, 
and a transparent electric conduction 
film, and SiNx, one by one. 
[0014] As a film which makes ZnO a 
principal component, the ZnO film 
(henceforth a GZO film) containing Ga is 
desirable. The reason is that what added 
Ga shows the best conductivity and a 
visible light transmittance although 
conductivity is shown when trivalent 
dopants, such as aluminum, are added to 
ZnO which is an insulator. Moreover, it is 
because Zn metal can be used as a target, 
and DC sputtering from a ZnO target 
becomes possible and the margin of the 
membrane formation condition also 
becomes very large by adding Ga, while 
there is a difficulty that the margin of 
membrane formation conditions is narrow. 



when high DC sputtering of 
mass-production nature is assumed as a 
forming-membranes method. 
[0015] As for especially the content rate 
of Ga in a GZO film, it is desirable that 
Ga is one to 15 atom % to total with Zn 
and Ga. At less than 1%, membrane 
formation speed becomes slow, and since 
a visible light transmittance becomes low 
by ** 15%, the amount of dopes is not 
desirable. Moreover, the thickness of a 
GZO film has the viewpoint of a color 
tone and a visible light transmittance to 
desirable 10-200nm. 

[0016] Ag film (henceforth an Ag-Au fihn) 
which contains Ag film (henceforth a 
Ag-Pd film) containing Pd or Au as a film 
which makes Ag a principal component is 
desirable. The isoagglutination of Ag is 
prevented and high Ag film of endurance 
is obtained by addition of Pd or Au. Ag 
film containing Pd and Au can also be 
used preferably. 

[0017] In this case, the film fi^om which 
Pd concentration is changing 
continuously is sufficient as the film with 
which Pd exists uniformly in Ag hke (l) 
alloy fihn (henceforth a PdAg alloy film) 
in a Ag-Pd film, or (2) Pd Uke (3) 
inchnation material films also in the film 
which exists locally. 

[0018] The same may be said of the case 
of an Ag-Au fihn, and the film from which 
Au concentration is changing 
continuously is sufficient also as the film 
with which Au exists uniformly in Ag like 
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(l) alloy film (henceforth an AxiA^g alloy 
film), or the film with which (2) Au exists 
locally like (3) inclination material films. 
[0019] The thickness of a Ag-Pd film and 
an Ag-Au film has desirable 3-20nm at 
any case. Since sheet resistance becomes 
high in less than 3nm and decline in a 
visible light transmittance is brought 
about in 20nm **, it is not desirable, 
[0020] 0.1 - 5.0 atom % of Pd is [ the 
content rate of Pd in the PdAg alloy film 
(1) mentioned above ] desirable to total 
with Ag and Pd. It is not desirable in 
order for endurance to become 
inadequate under by 0.1 atom % and to 
bring about the decline in a visible light 
transmittance, and high specific 
resistance-ization in an excess of 5.0 
atom %. The same is said of the content 
rate of Au in an AuAg alloy film, 
[0021] As an example of the film (2) with 
which Pd exists locally, making Pd layer 
with a thickness of O.Mnm placed 
between at least one interfaces of the 
interface of the film which makes a 
principal component ZnO in a 
transparent electric conduction cascade 
screen, and the film which makes Ag a 
principal component is mentioned. 
[0022] The effect which adds the 
aforementioned Pd because 0.1 -Inm Pd 
layer intervenes, and the same effect are 
acquired. It is not desirable in order for 
Pd layer thickness to become insufficient 
[ less than O.lnm / endurance ] and for a 
visible light transmittance to fall in Inm 



**. In addition, it is desirable to set to 
3-20nm sum total thickness of the film 
and Pd layer which make Ag a principal 
component in this case. 
[0023] As concrete laminating 
composition, a base / GZO film / 
Ag/Pd/GZO film, b base / GZO film / 
Pd/Ag/GZO film, c base / GZO film / 
Pd/Ag/Pd/GZO film, etc. are mentioned. 
The same is said of the film with which 
Au exists locally. 

[0024] As an inclination material film (3), 
the Ag-Pd film containing Pd rich layer is 
mentioned to a front face. As a Pd rich 
layer, a layer [ as / whose Pd is more than 
50 atom % ] is mentioned to total with Ag 
and Pd. Pd rich layer thickness becomes 
insufficient [ O.lnm / endurance ], and in 
3nm **, since it is in the incUnation for a 
visible light transmittance to fall, the 
thickness of 0,l-3nm is suitable for it. 
The same is said of the Ag-Au film 
containing Au rich layer, 
[0025] By choosing each layer thickness 
which constitutes the transparent electric 
conduction cascade screen in this 
invention within the limits of the 
above-mentioned, adjustment of the 
permeability by the optical interference 
effect and a color tone and adjustment of 
sheet resistance can be performed. 
[0026] Moreover, although it shows low 
sheet resistance, a high visible light 
transmittance, and high endurance, the 
transparent electric conduction cascade 
screen in this invention may give 
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100*300 degree C heat-treatment after 
membrane formation in order to raise a 
property further. 
[0027] The transparent-electrode 
formation method of the transparent 
electric conduction substrate for LCD 
characterized by this invention 
**********iiig and carrying out 
patterning of the transparent electric 
conduction cascade screen again using 
the acid solution of 0.01 to 0.5 convention 
in the transparent-electrode formation 
method of the transparent electric 
conduction substrate for liquid crystal 
displays of having the aforementioned 
transparent electric conduction cascade 
screen is offered. 

[0028] After forming a desired resist 
pattern by the photolithography method 
on a transparent electric conduction 
cascade screen on the occasion of 
patterning, etching and patterning are 
performed using the acid solution of 0.01 
to 0.5 convention. 

[0029] At this time, in the acid solution of 
under the centinormal, etching will 
hardly progress, but side etching will 
advance in the acid solution of 0.5 ******. 
Since it says especially that a quick etch 
rate and side etching are small as 
compared with other acid solution, it is 
desirable to use the acidic solution which 
makes a ferric chloride (FeC13) a 
principal component as this etching 
reagent. 

[0030] FeC13 It is desirable that it is the 



acid solution containing the first iron ion 
as acid solution made into a principal 
component. For example, FeC12 The first 
iron ion can be made to contain by 
addition. FeG12 By adding and 
controlling the oxidation reduction 
potential of an etching reagent, the 
margin of etching terminal point time 
spreads and electrode width of face can be 
formed with a sufficient precision. 
[0031] As for the mole ratio to the ferric 
ion of the first iron ion, it is desirable that 
it is 0,1-2. The aforementioned effect is 
not acquired, by 2 **, etching advance is 
checked and the electrode as a design size 
is not obtained less than 0.1. 
[0032] 

[Function] When it is easy to crystallize a 
ZnO film to the conventional ITO film 
taking amorphous structure under a 
low-temperature membrane formation 
condition 150 degrees C or less, as for this 
invention and becomes the ground film of 
the above-mentioned Ag layer, it has 
operation that urge crystallization of Ag 
layer, and the adhesion force of a ZnO 
film and Ag film interface improves it not 
only prevents the isoagglutination of Ag, 
but, consequently moisture resistance 
and the patterning property by acid 
solution improve remarkably. 
[0033] 
[Example] 

[Example l] On the soda lime glass plate, 
the acrylic resin layer protective layer 8 
for the hght-filter layer 7 and smoothing 
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of a light filter was formed beforehand, 
and the substrate 1 which formed lOnm 
of silica films by the RF-sputtering 
method on it was prepared further. 
[0034] Next, by the DC-sputtering 
method, under Ar gas and the 
atmosphere of SmTorr, the laminating of 
the GZO film of 16nm of thickness, a 
llnm PdAg alloy film, and the 38nm GZO 
film was carried out one by one, and the 
transparent electric conduction cascade 
screen was formed. 

[0035] At this time, the PdAg alloy target 
which 1 atom % Contains Pd to total with 
Ag and Pd was used for formation of a 
PdAg alloy film using the ZnO 
sintered-compact target which 5 atom % 
Contains Ga in formation of a GZO film 
to total with Zn and Ga. Moreover, for the 
sputtering power flux density at the time 
of GZO film membrane formation, 5.7 
W/cm2 and a PdAg film are 0,57 W/cm2. 
It carried out In addition, substrate 
heating was not performed at the time of 
membrane formation. 
[0036] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the moisture-proof test 
left for one week in 40 degrees C and the 
atmosphere of 90% of relative humidity 
was carried out, the white fault with a 
diameter of 0.5mm or more etc. was not 
observed, but showed the good result. 
[0037] [Example 2] It carried out like 



Example 1 except having changed the 
transparent electric conduction cascade 
screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 40nm of 
thickness, a lOnm PdAg alloy film, a 
85nm GZO film, a lOnm PdAg alloy film, 
and the 40nm GZO film one by one. The 
target and sputtering power flux density 
which were used, and atmosphere are the 
same as Example I. In addition, 
substrate heating was not performed at 
the time of membrane formation. 
[0038] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, the 
white fault with a diameter of 0.5mm or 
more etc. was not observed, but showed 
the good residt. 

[0039] [Example 3] It carried out like 
Example 1 except having changed the 
transparent electric conduction cascade 
screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 16nm of 
thickness, a llnm PdAg alloy film, and 
the 38nm GZO film one by one. The 
target and sputtering power flux density 
which were used, and atmosphere are the 
same as Example 1. In addition, at the 
time of membrane formation, substrate 
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heating was not performed but performed 
250 degrees C and heat-treatment for 20 
minutes after membrane formation. 
[0040] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, the 
white fault with a diameter of 0.1mm or 
more etc. was not observed, but showed 
the good result. 

[0041] [Example 4] It carried out like 
Example 1 except having changed the 
transparent electric conduction cascade 
screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 40nm of 
thickness, a lOnm PdAg alloy film, a 
85nm GZO film, a lOnm PdAg alloy film, 
and the 40nm GZO film one by one. The 
target and sputtering power flux density 
which were used, and atmosphere are the 
same as Example 1. In addition, at the 
time of membrane formation, substrate 
heating was not performed but performed 
250 degrees G and heat-treatment for 20 
minutes after membrane formation. 
[0042] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, the 
white fault with a diameter of 0.1mm or 



more etc. was not observed, but showed 
the good result. 

[0043] [Example 5] It carried out like 
Example 1 except having changed the 
transparent electric conduction cascade 
screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 16nm of 
thickness, llnm Ag film, 0.3nm Pd film, 
and the 38nm GZO film one by one. About 
the GZO film, the same target as 
Example 1 and sputtering power flux 
density were used. Using Ag target and 
Pd target for formation of Ag film and Pd 
film, respectively for Ag film, 0.57 W/cm2 
and Pd film are [ sputtering power flux 
density ] 0.28 W/cm2. It carried out. 
Atmosphere is the same as Example 1. In 
addition, at the time of membrane 
formation, substrate heating was not 
performed but performed 250 degrees C 
and heat-treatment for 20 minutes after 
membrane formation. 
[0044] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, the 
white fault with a diameter of 0.1mm or 
more etc. was not observed, but showed 
the good result. 

[0045] [Example 6] It carried out like 
Example 1 except having changed the 
transparent electric conduction cascade 
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screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 16nm of 
thickness, llnm Ag film, and the 38nm 
GZO film one by one. About the GZO fUm, 
the same target as Example 5 and 
sputtering power flux density were used 
[ film / Ag ] using the same target as 
Example 1, and sputtering power flux 
density Atmosphere is the same as 
Example 1. In addition, at the time of 
membrane formation, substrate heating 
was not performed but performed 250 
degrees C and heat treatment for 20 
minutes after membrane formation. 
[0046] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, although the white fault with a 
diameter of about 0.5mm was seen in 
part when the same moisture-proof test 
as Example 1 was carried out, moisture 
resistance was good in general. 
[0047] [Example 7] It carried out like 
Example 1 except having changed the 
transparent electric conduction cascade 
screen of Example 1 as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the GZO film of 16nm of 
thickness, a llnm AuAg alloy film, and 
the 38nm GZO film one by one. Using the 
AuAg alloy target which 1 atom % 
Contains Au in formation of an AuAg 



alloy fihn to total of Ag and Au using the 
same target as Example 1, and 
sputtering power flux density about a 
GZO film, sputtering power flux density 
is 0.57 W/cm2. It carried out. Atmosphere 
is the same as Example 1. In addition, at 
the time of membrane formation, 
substrate heating was not performed but 
performed 250 degrees C and 
heat-treatment for 20 minutes after 
membrane formation. 
[0048] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, the 
white fault with a diameter of 0.1mm or 
more etc. was not observed, but showed 
the good result. 

[0049] It carried out Uke Example 1 
except having changed the transparent 
electric conduction cascade screen of the 
example 1 of [Example 8 (example of 
comparison)] as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the ITO film of 16nm of 
thickness, a llnm PdAg alloy film, and 
the 38nm ITO film one by one. The 
indium oxide sintered-compact target 
which 10 atom % Contains Sn to total 
with In and Sn is used for formation of an 
ITO film, and sputtering power flux 
density is 5.7 W/cm2. By Ar gas which 
contained oxygen 3%, membranes were 
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formed imder the atmosphere of 3mTorr. 
The same target as Example 1, 
sputtering power flux density, and 
atmosphere were used for formation of a 
PdAg film. In addition, at the time of 
membrane formation, substrate heating 
was not performed but performed 250 
degrees C and heat-treatment for 20 
minutes after membrane formation. 
[0050] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1, 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, many 
white faults with a diameter of 1mm or 
more occurred, and moisture resistance 
was poor. 

[0051] It carried out like Example 8 
except having changed the transparent 
electric conduction cascade screen of the 
example 8 of [Example 9 (example of 
comparison)] as follows. As for a 
transparent electric conduction cascade 
screen, it comes to carry out the 
laminating of the ITO film of 40nm of 
thickness, a lOnm PdAg alloy film, a 
85nm ITO film, a lOnm PdAg alloy film, 
and the 40nm ITO film one by one. The 
target and sputtering power flux density 
which were used, and atmosphere are the 
same as Example 8. In addition, at the 
time of membrane formation, substrate 
heating was not performed but performed 
250 degrees C and heat-treatment for 20 
minutes after membrane formation, 



[0052] The sheet resistance of the 
obtained transparent electric conduction 
cascade screen and a visible light 
transmittance are shown in Table 1. 
Moreover, when the same moisture-proof 
test as Example 1 was carried out, many 
white faults with a diameter of 1mm or 
more occurred, and moisture resistance 
was poor. 

[0053] [Patterning nature] It investigated 
further also about the patterning nature 
of the transparent electric conduction 
cascade screen of Examples 1-9. After 
forming a desired resist pattern by the 
photolithography method on a 
transparent electric conduction cascade 
screen, it **********ed using A 
hydrochloric-acid solution of various 
concentration, and the detailed electrode 
pattern with a line width of face [ of 130 
micrometers ] and a space width of face of 
20 micrometers was formed. 
[0054] In drawing 4 , the portion of a 
thick stripe is a portion (namely portion 
used as a transparent electrode) of the 
transparent electric conduction cascade 
screen which remained without 
**********ing, and the portion of a 
narrow stripe is a portion into which it 
**********ed. The same is said of 
drawing 5 . 

[0055] About the transparent electric 
conduction cascade screen of Examples 
1-7, when hydrochloric -acid solution of a 
decinormal was used, as shown in 
drawing 4 , side etching was small and 
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good electrode patterning also with a 
sharp pattern edge configuration was 
obtained. The same result was obtained 
when the hydrochloric acid solution of 
the various concentration of 0.01 to 0.5 
convention was used. In the etching 
reagent of under the centinormal, etching 
hardly progressed, but side etching 
advanced with the liquid of 0.5 ******. 
[0056] The same result was obtained, 
when it replaced with A hydrochloric-acid 
solution and B nitric acid solution, C 
sulfuric-acid solution, D ferric chloride 
solution, or E ferrous chloride content 
ferric -chloride solution (the mole ratio to 
the ferric ion of the first iron ion is 0.7) 
was used by various concentration as an 
etching reagent. Moreover, among the 
above-mentioned etching reagents A-E, E 
liquid had the smallest amount of side 
etching. 

[0057] On the other hand, about the 
transparent electric conduction cascade 
screen of Examples 8-9, whether it uses 
which etching reagent or used by which 
concentration, side etching of 10 
micrometers or more as shown in 
drawing 5 advanced, and exfoliation of a 
PdAg film was seen near the pattern edge. 
[0058] These results are shown in Table 1. 
In addition, in Table 1, the A column 
shows patterning nature and the B 
column shows moisture resistance. Even 
if any of etching reagents A-E is used for 
0 in the A column, the thing without an I 
residue with a sharp A edge configuration 



which U side etching is less than 10 
micrometers is meant, and x means that 
all aforementioned A - U are unsatisfying. 
As for, as for 0 in the B column, a white 
fault with a diameter of 0.1mm or more 
not being observed and 0, a white fault's 
with a diameter of O.l-'slmm being 
observed sKghtly and x mean that many 
white faults 1mm or more are observed. 
[0059] Moreover, about the transparent 
electric conduction cascade screen of 
Examples 2, 4, 7, and 9, the detailed data 
about the amount of side etching at the 
time of using the above -mentioned 
etching reagents A-E by the 
concentration of 0, 1 conventions are 
shown in Table 2. 
[0060] 
[Table l] 
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[0061] 
[Table 2] 
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[0062] 

[Effect of the Inventionl According to this 
invention, the transparent electric 
conduction substrate for LCD by which 
the transparent electric conduction 
cascade screen was formed on plastics 
with low (100 degrees C or less) 
membrane formation temperature and 
the substrate with a light filter for colors 
LCD (250 degrees C or less) can be 
offered not to mention a glass top. 
[0063] And the sum total thickness of a 
transparent electric conduction cascade 



screen is 300nm or less, and is the low 
specific resistance below the sheet 
resistance of Sohms / **, and is excellent 
in endurance, and excellent also in the 
detailed electrode processability ability 
by acid solution. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] The cross section of an 
example of the transparent electric 
conduction substrate for liquid crystal 
displays of this invention. 
[Drawing 2] The cross section of other 
examples of the transparent electric 
conduction substrate for liquid crystal 
displays of this invention. 
[Drawing 3] The cross section of the 
substrate for an electrochromatic display 
display used for this invention. 
[Drawing 4] The microphotography in 
which the patterning state about the 
transparent electric conduction cascade 
screen of Examples 1-6 is shown, 
[Drawing 5] The microphotography in 
which the patterning state about the 
transparent electric conduction cascade 
screen of Examples 7-8 is shown. 
[Description of Notations] 
i: Base 

2: The film which makes ZnO a principal 
component 

3^ The film which makes Ag a principal 
component 

4: The film which makes ZnO a principal 
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component 

5^ The film which makes Ag a principal 
component 

6: The film which makes ZnO a principal 

component 

T Light-filter layer 

8' Resin protective layer 

9: Non-in-a-plane mesenteriolum layers, 

such as a silica 
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